Introduction
Haemophilia is characterized by intra-articular and intramuscular bleeding, with approximately 80% of haemorrhages occurring within joints [1] . The bleeding may often require immobilization of the affected limb, which may result in muscle atrophy and a loss of proprioception [2] . The knee is most commonly affected [3] . Suf®cient muscular strength is not only necessary for range of movement, but also for absorption of energy. In particular, the knee extensor is the shock-absorber for the weight-bearing forces that occur in daily situations [3] . Studies using static-loading tests also support the suggestion that suf®cient strength of the quadriceps can markedly decrease the strain on collateral ligaments [4] . The muscular function comprises not only the static control of the joint and the dynamic control of movement, but also the proprioceptive input to the central nervous system (CNS) [5] . Buzzard describes proprioception as a`sixth sense' [6] . Proprioception Summary. Haemophilia is characterized by intraarticular bleeding, often requiring immobilization, which may result in muscle atrophy and impaired proprioception. The aim of the study was to investigate differences in proprioceptive performance and isometric muscular strength of the lower limbs in haemophilic subjects compared with control subjects. Twelve subjects with severe haemophilia (11 haemophilia A; one haemophilia B) vs. 12 control subjects were matched for anthropometric data and tested for differences of proprioception (one-leg-stand, posturomed, angle-reproduction, and tuning fork tests) and isometric strength (leg press, knee extensor). The static proprioceptive performance of the haemophilic group, as measured by the one-leg-stand test (on hard or soft ground, with open or closed eyes; P < 0.05) was demonstrably impaired (by 41±363%). In contrast, the dynamic proprioceptive perfomance measured by the posturomed test did not show any difference between the groups. The local proprioceptive performance (angle-reproduction test) of the knee, (the most commonly affected joint in haemophiliacs) showed a trend to impaired function but was not distinctly different from that of controls. The quantitative sensory function (tuning fork) showed signi®cant (P < 0.05) impairment of 9±10% in the haemophilic subjects. Additionally, the isometric muscular strength of the leg extensor was weaker (32±38%) in the haemophilic group when the limbs were tested individually as well as bilaterally (P < 0.05). In conclusion, the results suggest that global proprioceptive performance is impaired and that the isometric strength of the leg extensors is weaker in the haemophilic subjects. Therefore, specialized training for global proprioception would be helpful in order to compensate for proprioceptive de®cits. This exercise regimen should also include safe strength-training for an optimal stabilization of the joints, but must be adapted to the individual needs and situations of the haemophilic subjects.
can be de®ned as the sense of posture, movement and changes in equilibrium, and the knowledge of position, weight, and resistance of objects in relation to the body [6] . Proprioception information is transmitted to the CNS via receptors found in muscles, joints, ligaments, skin and other soft tissues. McLain and Raiszadeh [7] found an innervation in all tissues of the synovial joint, except in the articular cartilage. Proprioceptive de®cit is not only the result of repeated joint bleeding but may also be a cause of injury and therefore a cause of joint bleeding [8] . The aim of the study was ®rstly to investigate the proprioception and maximal isometric strength in the lower limbs of haemophilic subjects compared with controls matched for anthropometric data. Therefore, the lower limbs were tested individually and bilaterally using the isometric knee extensor and leg press to evaluate any differences between the subjects. Secondly, differences in proprioception were investigated by the one-leg-stand test, posturomed test, and anglereproduction test, and vibration sensations were tested with a graduated tuning fork in both subjects with and without haemophilia.
Materials and methods

Subjects
The study was comprised of 12 subjects with severe haemophilia (11 with haemophilia A and one with haemophilia B) and 12 matched control subjects without haemophilia. The anthropometric data are shown in Table 1 . Subjects in both groups were statistically identical. Written informed consent was obtained from all subjects. In the haemophilic group, the knee and ankle were the most commonly affected joints. Of the twelve subjects, both ankles were severely affected in four, moderately affected (in three right > left) in another four, and in the remaining four subjects the ankles were either mildly or not affected. In ®ve subjects both knee joints were severely affected (one right < left, one left < right), in three subjects, both ankles were moderately affected, and in four subjects, the ankles were mildly or not affected. The range of motion (from maximal extension to maximal¯exion) of the knee joint was 71±144°for the right and 69±147°for the left knee (right 0/1°/72°± 6°/0/138°; left 0/10°/79°±8°/0/139°). Only in one subject was the hip joint moderately affected. The joint bleeding frequency was 0±2 times per month. One subject had a history of arthroscopy of the left knee, and one subject mentioned having pain while doing the posteruomed test. The matched controls were healthy and engaged in sport less than 1 h per week. frequency of contact of the contralateral feet with the ground, touching of the railings or opening of the eyes (in testing with closed eyes) counted as faults (maximum of 20 faults were possible). Each subject was asked to lift the right or left leg to a hip¯exion of 45°, with a loose arm position near the body and a neutral head position. All tests were done in a standardized order to minimize any order effects. (Fig. 1 ).
Proprioception
Posturomed. Each subject was asked to stand on a moving platform (Posturomed; Haider±Bioswing, Pullenreuth, Germany). The resettling time (in s) after a standardized triggered excursion of 2 cm in a mediolateral direction was investigated. The resettling time was de®ned as the time period from the beginning of the triggered excursion of the moving platform to a de®nite point when the amplitude decreased to a standardized value. The mean value of ®ve tests was determined, so as to neutralize any outlier value (Fig. 2) .
Angle-reproduction. Left [ARL] and right [ARR] leg
were tested randomly at 20°, 40°, 60°, and if possible, at 100°¯exion of the knee. A randomized angle was demonstrated and the subject was asked to reproduce the angle. The difference in degree between the angle shown to the subject, and that carried out by the subject, was measured with an electronic goniometer. The tests were done from maximal¯exion and extended in a sitting position. In each test, the hearing and sight of the subjects were blocked. (Fig. 3) . (Fig. 4) . A triangle and an arbitrary scale imprinted on the weights (range 0±8) of the arms allow assessment of vibration threshold. The vibration extinction threshold is considered as the nearest value to the apparent point of intersection of the virtual triangles induced by swinging of the fork arms when the subject indicates that vibration is no longer perceived. The mean of the three tests was determined to neutralize any outlier value.
Strength tests. For measuring the isometric muscular strength (right, left, and both legs) we used a knee extensor (Schnell, Peutenhausen, Germany) and a leg press. The tests with the knee extensor were done in a sitting position with a knee angle of 70°. Testing with the leg press, the same knee angle was used, also in a sitting position.
Statistics
All data are shown as means AE SD, and in addition, the ranges are given for proprioception and strength data. Unpaired Student's t-test was used to compare anthropometric data. For the comparison of the proprioception and strength data in the matched groups, the Mann±Whitney U-test was used. P < 0.05 was de®ned as signi®cant.
Results
Muscular strength
The maximal isometric muscular strength as measured by the knee extensors of both legs is shown in Table 2 . The maximal isometric muscular strength was lower in the haemophilic subjects compared with the controls. The differences between the groups were statistically different (P < 0.05) for both legs together (±38%) as well as each leg individually (right, ±38% and left, ±32% The differences as measured by the angle-reproduction test (CV < 6%) showed the same trend as the results of the one-leg-stand tests. In addition, the angle-reproduction tests also showed a lower proprioceptive performance in haemophilic subjects, but were only signi®cant (P < 0.05) for the 20°and 100°a ngles with the right limb (Table 4) . Quantitative sensory testing by the tuning fork (CV < 4%) showed an impaired performance in haemophilic subjects in the following tests: TFR (±9%), TFLe (±9%), TFLo (±10%); P < 0.05 (Table 5) .
Discussion
Haemophilic arthropathy
As a consequence of their clotting disorder, haemophilic subjects bleed either spontaneously or after sustaining trauma, particularly into the larger joints. After several bleeding episodes, changes can occur in the synovium and cartilage that result in joint damage and destruction [9] . This haemophilic arthropathy is a common cause of morbidity in adult patients but the pathophysiological details have not yet been thoroughly explained [10] . In¯ammation has a central role in the destructive process, and an activation of interleukin-1a and interleukin-1b genes within the synovium has been described [11] . Blood breakdown products are responsible for the synovitis. In addition, Roosendaal et al. have investigated the harmful effect of blood components on human cartilage in vitro. They exposed human cartilage to the combination of mononuclear cells and red blood cells and showed that an irreversible dose-dependent inhibition of proteoglycan synthesis occurred [12] . These results suggest an additional destructive effect besides that of the tested cytokines. It is possible that oxygen metabolites produced by monocytes undergo a conversion, catalysed by iron released by red blood cells, to toxic hydroxyl radicals, and that these are responsible [11] . Roosendaal et al. found, in an in vivo study of beagle dogs, that the direct effect of blood on cartilage precedes the indirect effect via synovial in¯ammation [13] . Nevertheless, joint bleeds result in hypertrophic haemophilic synovitis or cartilage damage, which is accompanied by dramatic muscle atrophy. This muscle weakness makes the joint even more vulnerable to stress, resulting in further bleeding episodes. Because proprioception information is transmitted from receptors found in all tissues of the synovial joint, synovitis may play a part in the disturbance of these innervations.
Proprioception in haemophilic subjects
Proprioceptive de®cits, as both a consequence and a cause of injury, have been described [2, 8] . Proprioception plays a signi®cant role in the afferent± efferent neuromuscular control arc. This control arc is disrupted by joint and soft-tissue injury [2] . The supposition is that haemophilic subjects have less muscle strength and reduced proprioception, particularly in the lower limbs. Disruption in the afferent pathways that are mediated partly by articular mechanoreceptors may contribute to an insidious pattern of microtrauma and re-injury [14] , and the impaired proprioceptive performance is caught in a vicious circle. To date, no data are available regarding differences in proprioception performance in haemophilia subjects compared to control subjects. The necessity of a specialized training for haemophilic subjects has been recommended by Buzzard et al. [5] and Beeton et al. [6] but as yet, a more thorough scienti®c investigation is still lacking. In this study, different tests to investigate the variation in proprioceptive performance between haemophilic and control subjects were initiated. One-legged standing balance exercises are standard tests to detect balance dysfunction in relation to static activity [2] . The posturomed test, with a standarized excursion of a moving platform, shows dysfunction of the dynamic stability. To detect differences of the local proprioceptive capability of the damaged kneejoints in the haemophilic subjects, an angle-reproduction test with different angles was used, similar to the tests described by Barrett et al. [15] . The tests with the tuning fork describe the quantitative sensory function. Together, these test systems are able to evaluate the different proprioceptive functions. The results of the one-leg-stand test showed an impaired proprioceptive function in the haemophilic subjects in all tests (static activity) on hard or soft ground, with open or closed eyes (Table 3 ). An Means AE SD (range), measured in degrees; *P < 0.05 in comparison to controls; deg, degrees; ARR, right limb; ARL, left limb. impaired proprioceptive function clearly has a negative impact in daily life, particularly in conditions where an unimpaired proprioception is required, e.g. on a slippery surface. The reason for an impaired physical and proprioceptive performance in haemophiliacs may be due to the joint bleeds, or to decreased usage because the daily usage of these faculties is not encouraged. The recommendation is for haemophiliacs to avoid such situations where strong proprioceptive performance is necessary, as these situations may be deemed as dangerous. The posturomed test (dynamic stability) showed no difference between the groups. The haemophilic subjects were able to compensate for differences in the static tests by using two feet and open eyes. The posturomed test was not conducted with closed eyes. This was the ®rst time that the posturomed was used for testing proprioception and it is possible that this new test cannot distinguish small differences. The local proprioceptive situation did not seem to be impaired in our group of haemophilic subjects. The results of the angle-reproduction test in different angles showed no distinctly signi®cant difference (Table 4) . Although the medical histories of our haemophilic subjects show different intra-articular bleedings, this local performance was not impaired. By testing the isolated quantitative sensory function with a tuning fork, a signi®cant difference was seen in all tests (TFR, TFLe, TFLo) except for the upper limb (Table 5 ). This may be due to the in¯uence of repeated pain on the quantitative sensory function after injury of the affected limb. The relationship is described by Melzack et al. [16] and Reichling et al.
[17] The reliability and validity of this test have been shown in different studies [18, 19] . Together, these results are indications for an impaired proprioceptive performance in haemophiliacs compared with control subjects. Possible explanations for this may be due to an afferent proprioceptive signal that has been negatively in¯uenced by pain, or to lower usage of the proprioceptive performance, thereby signi®cantly reducing its normal function.
Muscular strength in haemophilic subjects
More data are available about the differences in muscular strength between haemophilic and nonhaemophilic subjects. Pietri et al. [20] tested the muscular strength of a knee with a history of unilateral haemarthrosis against a knee without a history in 10 boys (severe haemophilia A, aged 14.1 AE 5.4 years) on a Cybex 340 isokinetic dynamometer, and found a lower strength in the affected knee. Falk et al. [21] investigated isokinetic strength at different angular velocities for the elbow and kneē exors and extensors in 13 haemophilic boys (aged 12 AE 3.2 years) with severe haemophilia, comparing them with age-matched controls, and found lower muscular strength and a lower anaerobic power in the haemophilic subjects. No data are available about adult subjects. That strength training is suf®-cient to enhance muscular strength in haemophilic subjects has been shown by Greene and Strickler [3] . They initiated a speci®c muscle-strengthening programme and demonstrated a signi®cant increase in muscle strength in the haemophilic subjects (aged 7±51 years). The maximal isometric strength of the quadriceps as measured by the knee extensor was distinctly lower in the haemophilic group compared with the control. If the haemophilic subjects were able to use the muscles of less affected joints for co-contraction, e.g. muscles of the hip in the leg press, the differences were lower and did not reach the statistical level. With co-contraction they were able to partially compensate for the strength de®cit ( Table 2 ).
Conclusion
This study shows that differences in static proprioceptive performance can be shown between the haemophilic subjects and controls, but the local proprioceptive performance of the knee as measured by the angle-reproduction test showed no difference.
The main results are summarized in Fig. 5 . The reason for the impaired sensory function in the haemophilic subjects can possibly be explained by the in¯uence of pain in the affected limb, which affects afferent proprioceptive signals. Additionally, the muscle strength of the quadriceps was distinctly lower in the haemophilic subjects. The results underline the importance of developing a specialized training for haemophiliacs to improve proprioceptive performance, with speci®c relevance to situations encountered in daily life. This training must also include safe strength-and weight-training, for optimal joint protection. The training should be adapted to the special needs and situations of the haemophilic subjects.
